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— HffSA  study  was  conducted  to  develop  optimum  theoretical  warhead 

design  criteria.  Weight,  diameter  and  length  constraints  were  considered  based 
on  a solid  cylinder  with  no  end  confinement.  End  effects  were  also 
considered  and  treated  using  correction  factors  in  the  form  of  exponential 
functions  of  length-to-diametei  ratios.  Using  these  parameters,  three  general 
qualitative  conclusions  were  drawn:  (I)  the  greater  the  warhead  length,  the 
greater  its  initial  fragment  kinetic  energy,  (2)  the  mathematical  models 
developed  indicate  that  the  optimum  charge-to-metal  mass  ratio  (C/M)  is 
greater  than  1 .4  and  that  a decreased  length-to-diamctci  ratio  results  in  higher 
optimum  (7Ms;  and  (31  optimum  warhead  case  material,  from  the  standpoint 
of  initial  fragment  kinetic  energy,  is  a function  of  warhead  weight,  length  and 
diameter. 
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The  following  conversion  factors  are  provided  to  allow  the  reader  to  convert 
standard  units  used  in  this  report  to  metric  equivalents: 


To  convert  from 


to 


Multiply  by 


inch  meter  0.0254 

pound-mass  kilogram  0.4535 

pound-mass/inch3  kilogram/meter3  27679.9 

slug  kilogram  14.5939 
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INTRODUCTION 

An  optimum  theoretical  warhead  design  is  needed  primarily  during  the  early 
stages  of  warhead  design.  Systems  analysts  also  need  such  information  when  they  are 
attempting  to  evaluate  systems  performance  in  early  systems  synthesis.  In  recent  years, 
the  primary  parameter  for  determining  optimum  warhead  designs  has  been  an  energy 
criteria;  initial  fragment  kinetic  energy  being  one  of  the  first  factors  of  concern. 

The  warhead  environment  is  quite  variable  and  ail  the  conditions  imposed  have 
an  effect  on  the  energy  characteristics  of  the  warhead.  A study  by  R.G.S.  Sewell 
considered  several  of  these  conditions  in  determining  an  optimum  chargc-to-metai  ratio 
for  both  weight  and  volume  contrained  warheads.1  In  making  the  determinations  of 
optimum  charge-to-metal  ratios,  Seweli  used  Gurney  formulas  to  evaluate  iniiial 
fragment  velocities  and  kinetic  energies  and,  for  the  sake  of  simplicity,  accepted  the 
assumptions  implicit  in  these  formulas.  The  most  significant  of  these  assumptions 
relative  to  practical  warhead  designs  is  that  there  are  no  end  effects  to  modify  the 
initial  fragment  velocity  and,  hence,  no  effect  on  initial  fragment  kinetic  energy. 
However,  past  experience  with  cased  cylindrical  explosive  charges  has  shown  that  this 
is  not  the  case  and  that  velocity  variations  at  the  ends  of  the  warhead  arc  significant 
due  to  these  end  effects.  Thus,  to  determine  the  initial  fragment  kinetic  energy,  these 
end  effects  must  be  included  in  the  warhead  design  consideration. 


MLTHOD 

The  study  effort  reported  herein  is  basically  a continuation  and  expansion  of 
the  work  done  by  Seweli  (see  footnote  1).  His  work  served  both  as  a basis  and 

starting  point  for  this  effort. 

This  study,  as  did  Sewell's,  considers  weight  constraints  imposed  on  the 
warhead.  But,  instead  of  a volume  constraint  being  imposed,  separate  considerations  of 
both  diameter  and  length  arc  included.  To  this  has  been  added  the  consideration  of 
end  effects;  these  appear  as  collection  factors  in  the  form  of  exponential  functions  of 
length-to-diumeter  ratios.  Although  only  kinetic  energy  (1/2  mv)  is  of  concern  here, 
the  same  general  procedures  can  be  used  on  other  optimization  criteria  such  as 
momentum  (mv)  or  any  other  parameter  involving  mass  and  velocity,  e.g.,  inv^, 
Additionally,  only  a solid  cylinder  with  no  end  confinement  is  considered  in  this 

study.  Any  other  con  figuration,  such  as  a hollow  cylinder  or  use  of  appreciable  end 

confinement,  would  require  new  correction  factors  since  the  modified  end  effects  for 

each  configuration  would  have  to  be  determined. 


1 Naval  Ordnance  Test  Station.  Fixed-Weight  and  Volume  Constraints  on  Optimum  Charge- 
io-Mi'tal  Ratios  in  Warhead  by  R.G.S.  Sewell,  China  Lake,  Calif,  NOl S , March  1 1 ' (s4 . (NOl S 

'IT  14.10,  publication  UNCLASSlflCD.) 
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This  is  a relatively  simple  method.  However,  it  is  highly  dependent  on  the 
quality  of  the  input  data.  Because  the  data  employed  were  not  generated  under  this 
study  effort,  appropriate  references  for  these  data  were  used  to  generate  correction 
factors  for  the  velocity  as  a function  of  length-to-diameter  ratios  (L/D)  at  the  initiated 
and  uninitiated  ends  of  a cylindrical  warhead.  These  velocity  correction  factors  were 
then  combined  with  the  Gurney  equation  for  a solid  cylinder  and  included  us  a part 
of  the  incremental  energy  equation.  Integration  of  that  equation  resulted  in  the  total 
initial  fragment  kinetic  energy  for  a given  set  of  input  parameters.  Depending  upon 
which  velocity  correction  factors  were  used,  three  different  initiation  schemes  could  he 
considered,  as  shown  in  Figure  1.  Single-point,  one  end,  center  initiation  (Figure  la.) 
served  as  the  baseline,  while  the  center  initiation  (Figure  lb)  and  simultaneous 
dual-end  center  initiation  ^Figure  lc)  schemes  were  modeled  by  choosing  the  appro- 
priate combinations  of  correction  factors. 


VELOCITY  CORRECTION  FACTORS 

Derivation  of  the  velocity  correction  factors  is  the  first  step.  Because  the 
release  effects  are  different  on  each  end  of  a single  end  initiated  cylinder,  each  end  of 
the  cylinder  will  be  treated  separately.  Mathematically  this  assumes  that  the  entire 
correction  factor  is  the  product  of  two  independent  functions  of  length,  i.e.. 


O 


(a)  Single  point,  one  end,  center 
initiation. 


(c)  Simultaneous  dual  end  center 
point  initiation. 

FIGURE  1.  Initiation  Schemes. 
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Cf  = Hd/d ) • G(d/d) 


(1) 


whore 


C'l  is  the  velocity  correction  factor 

it/d  is  the  position  in  length-to-diameter  ratio  of  explosive  charges 
on  the  charge 

1 '( it/d ) is  the  correction  at  the  initiated  end 

(it it/d)  is  the  correction  at  the  uninitiated  end 

The  problem,  then,  becomes  one  of  determining  i;(it/d)  and  G(i!/d)  for  the  cylinders. 

Review  of  available  literature  would  indicate  only  very  limited  work  has  been 
done  in  this  area.  A plot  of  correction  factor  versus  length  in  L/l)  (Figure  2)  for 
single  point  end  initiation  was  found.2 * *  These  data  were  used  because  of  their 
convenient  form  and  availability.  It  was  assumed  that  the  correction  factor  applied  to 
initial  velocity  at  various  points  on  the  cylinder  rather  than  average  velocity  of  the 
overall  cylinder  and  that  the  charge  mass  to  metal  mass  ratio  was  sufficiently  high  that 
the  metal  case  thickness  was  small  compared  to  the  metal  case  outside  diameter. 

A modified  least  squares  fit  was  done  to  the  curve  to  put  the  data  in  the  form 
of  an  equation.  1 lie  result  is  also  plotted  in  Figure  2.  The  form  of  equation  used  as  a 
correction  factor  is: 

I-Yt/d  i = 1 eAI'7d>  (2) 


where 


F'(d/d)  = correction  factor 

d/d  = position  on  the  case  in  terms  of  length-to-diameter  ratio  of  the 
explosive  charge 
A ~ constant  = - 2.3b 1 7 

Once  the  correction  tactor.  Ft  d/d),  has  been  determined,  it  becomes  necessary  to 
determine  the  correction  factor  for  the  uninitiated  end,  G(d/d).  The  Ballistics  Research 
Laboratories  (URL)  bad  published  data5  which  we  employed  for  this  purpose.  Tor 
future  simplicity,  we  will  say  that  (!(d/d ) = ( l(x),  where  x = X(d/d),  x is  the  distance 
from  the  uninitiated  end.  Introducing  this  change  of  variable  will  make  the  processing 
of  the  BUI.  data  much  easier.  A least  squares  fit  of  the  data  I'or  several  different 
exponential  equations  resulted  in 


2 FMC  Coi pouii.m.  The  hlusivc  \/2F.  by  Donald  K.  Kennedy.  Defense  Technology 

F.ibuialories,  Simla  Claia.  Calif..  22  Apiil  ]')(■>'>.  (I’uHlicmion  UNCLASSIFILP.) 

' American  Ih'lensr  IVepaiednes^  Association.  l’roeeeiiinjts  of  the  First  lutenuitinikil 
Symposium  mi  llullislii  v.  I A- 1 5 Noveniher  1 D74 . “Calculation  of  Fragment  Velocities  From 

Fiaginentalion  Munitions."  bv  K.  R.  K.upp  and  W.  W.  I’redehoii.  Ballistics  Reseaicli  Laboratories 
( publication  UNCI  ASSII  ll-.D.) 
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+ KENNEDY,  ELUSIVE  sj2E 
_ BY  EQUATION 


which  simply  places  the  position  of  the  point  of  interest  relative  to  the  initiation  end. 
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The  form  of  (l(x)  was  selected  on  the  basis  of  the  best  correlation  coefficient 
resulting  from  the  least  squares  fit.  The  total  correction  factor  for  velocity  as  a 
function  of  position  in  explosive  charge  diameters  is  now 

C1=(,-,-2..h>m/d),;.  (),2880be  4-6°3(I.-tOd)  (5) 

Multiplying  this  and  the  (Jurncy  equation  should  provide  a reasonable  velocity 
prediction  along  the  length  of  a solid  cylindrical,  metal  encased,  explosive  charge  which 
has  been  point  initiated  on  one  end  at  the  center. 

To  be  completely  rigorous,  it  should  be  pointed  out  that  I quation  5 is  a 
correction  factor  for  fragment  speed.  It  cannot  be  used  for  velocity  since  velocity  is  a 
vector  quantity  and  speed  is  only  the  magnitude  and  says  nothing  about  direction  of 
fragments. 


Ol’HliR  INITIATION  TliCUNlOUl  S 

By  combining  I '( V/d > and  (l(C7d)  in  two  other  ways  with  small  changes  in  the 
variable,  the  initiation  methods  shown  in  Figures  lb  and  le  can  be  approximated.  The 
rationale  and  correction  factors  arc  presented  in  this  section. 

In  the  case  of  center  point  initiation,  as  shown  in  Figure  lb,  we  find  that  the 
release  effects  at  either  end  of  the  charge  are  identical.  In  addition,  they  are  the  same 
us  tile  uninitiated  end  of  the  single  end  initiated  charge.  Ibis  means  that  the  end 
correction  factor  for  an  uninitiated  end  can  be  utilized  for  both  ends  if  an  appropriate 
change  is  made  in  the  form  of  the  equation.  This  change  allows  treating  the  velocity 
from  a reference  end  corresponding  to  the  initialed  end  in  the  first  ease,  i.e.,  f’/cl  = t). 
Finis,  for  this  end  of  the  charge, 

G(t!/d)=l  0.2K80hc'4  (o) 

while  on  the  other  end,  where  t!/d  = i./l),  the  correction  factor  is  simply  liquation  5. 
lienee,  this  correction  factor  is 

C'r  = (l  - 0.2880(.c"  4 (),,  h/d)(  | _ o.28806e'4  o(K1(L'y/d>)  (7) 

flic  center  region  of  the  charge  lor  this  configuration  is  assumed,  in  this 
model,  to  he  unaffected  by  the  initiation  point  location.  This  is  a reasonable 
assumption  as  long  as  only  the  magnitude  of  the  velocity  is  of  interest.  It  is  not 
correct  if  direction  is  of  concern  since  an  appropriate  treatment  of  the  vector  problem 
must  also  he  made.  However,  our  concern  is  with  magnitude  only,  thus,  we  need  only 
justify  that  the  velocity  magnitude  is  unchanged.  It  was  determined,*  from  both 
theoretical  and  experimental  information,  that  normal  impact  of  the  detonation  waves 

* Personal  discussions  ltd  ween  i lie  author  and  Mr.  R.C/.S.  Sewell  of  NWC. 
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under  the  conditions  existing  in  this  problem  do  not  change  the  maximum  or  initial 
velocity;  only  the  acceleration  profile  of  the  fragmentation  is  modified.  This  is  because 
the  actual  impulse  remains  about  constant  in  this  region  for  either  normal  or  sweeping 
detonation  waves.  The  higher  pressures  front  a normally  impacting  detonation  wave  arc 
also  of  shorter  duration.  Conversely,  longer  durations  and  lower  pressures  are  char- 
acteristic of  a sweeping  detonation  wave:  hence,  the  resulting  change  in  acceleration 
profile  with  the  same  limiting  “velocity". 

In  the  ease  of  simultaneous  dual  end  initiation,  as  shown  in  Figure  le.  both 
ends  are  initiated.  Utilizing  the  same  considerations  as  before,  we  find  the  correction 
factor  at  the  reference  end  to  be  liquation  2 only.  Now  using  x in  place  of  d/d  for 
the  opposite  end,  and  making  appropriate  substitutions,  the  correction  laetor  becomes 

Cf  = (1  - e"  l 7v-/'l )( I I 7<L-t)/ (8) 

The  main  assumption  in  this  ease  is  that  the  center  interaction  zone,  where  the 
detonation  waves  meet,  does  not  change  the  velocity  magnitude  of  the  fragmentation 
system.  Supporting  this  assumption  is  the  width  of  the  reaction  zone  in  the  explosive; 
on  the  order  of  0. 1-0.2  inch  thick.  Conversely,  limited  lest  data  would  indicate  that, 
although  the  explosive  interaction  zone  is  very  narrow,  the  effect  on  fragmentation 
velocity  is  significant  over  a much  larger  percentage  of  the  warhead  length.  For  our 
purpose,  the  assumption  will  be  considered  valid.  However,  this  model  should  be 
considered,  at  best,  useful  only  for  generation  of  trends  because  of  the  apparent  lack 
of  validity  of  this  assumption. 


FRAGMENT  INITIAL  KINETIC  ENERGY 

There  now  exist  correction  factors  which,  applied  to  the  Gurney  equation  for  a 
solid  cylinder,  will  predict  initial  velocities  at  any  point  along  the  length  of  the 
cylinder.  And  this,  in  turn,  can  he  used  to  predict  fragment  initial  kinetic  energy  or 
potential  energy  within  a solid  cylindrical  configuration  for  any  of  the  various 
initiation  systems  shown.  Figure  3 will  be  referred  to  in  the  following  section  us  an 
aid  in  developing  the  appropriate  equations.  It  consists  of  a constant  diameter  (d) 
explosive  charge  having  length  (1.)  and  encased  within  a constant  wall  thickness  metal 
sleeve. 

The  energy  of  that  cylinder  can  be  determined  as  follows.  First,  the  energy  at 
any  point  along  the  cylinder  is: 

JH=->i/inv-  (9) 

where  the  incremental  mass,  c/tn,  of  the  metal  ease  is  defined  as 


r/m  -pn,7r(D  4 d )i/k 
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di 


where  p = density  of  the  metal  case. 

Iquallon  1U  can  he  rewritten  in  terms  of  the  variable  y as  follows: 


c/m  = Pni 


tin 


where 

y = m 

(1  y = d'ij  d 


The  initial  velocity  (v)  in  liquation  ')  requires  the  application  of  1 qualion  5 to 
the  Gurney  equation.  The  velocity  equation  now  becomes: 

v = ( 1 . c : 3(.I7> )(  | o.2880(>e  4M)l1  v y') c* 02) 

where 


Y = L/d 

a = Gurney  constant  characteristic  of  the  explosive 
C/M  = ratio  of  charge  mass  to  metal  mass 

In  order  to  determine  the  total  initial  fragment  kinetic  energy,  li  I t)  | , >n  (lie 
system,  liquation  9 must  be  integrated  over  the  full  length  of  the  warhead.  Hence, 

Pm 4°  4 d )u</y  (13) 
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Substituting  liquation  12  into  Hquation  '3, 


{T  <>  1 
a- 


1(1 


(1  0. 28806c '4ht)3,Y  y)>|  ~c/y 


t>-  2.3  6 ! 7y } 


(14) 


flic  integral  itself  is  simple  but  tedious  to  evaluate.  By  expanding,  integrating 
term-wise,  and  reducing  to  its  simplest  form,  we  have  the  integral 


f 


[(!  - e" 2-3(l  1 7y )(1  - 0.28806c  4.603(Y-y))j~Jy  = . 0.75128  + Y 

+ 1.3367c" -•3(,17Y  5.1740e~4(,03Y  + 4.5918e'4-7234Y 

- 0.003  28e  l'2lH>v 


(15) 


The  last  term  is  so  small  that  for  any  practical  application  it  can  be  ignored. 
Substituting  liquation  15  into  liquation  14  tor  the  integral  results  in 


^2  1 = 2pin7f(,)'  4 U Wi+O^C/m)  (-0-75128  + L/d  + 1 J3(.7e  ' 236  1 7L/d 
- 5.1740c  4 6()31  /d  ^ 4.59 ! Me  4 7 2 341. /d ) <]6) 


One  additional  algebraic  manipulation  must  be  done.  That  is  an  expression  for 
the  explosive  charge  diameter  in  terms  of  the  more  commonly  specified  parameters  of 
weight  (W),  length  (L).  and  outside  diameter  (D).  Writing  the  expression  for  W: 


...  I D--d’\,  d-  , 

w = M ~ "4  ) l-Pm  +”4  l-Pc 

Solving  Hquation  17  for  d: 

, r/4w  , ,,./  vii/2 

d = [(rrL  f>m '>-)/(  + ^)J 

/X. nti  finally  the  chargeVto-mass  ( ( 7 M ) ratio  becomes 


C/M  = lpcirl.(d ’/A ) I / 


P, 


(17) 


(18) 


(19) 


or 


C/M  = 


/\-  1 
Pm  1)’ 
d- 


1 


4 


I 

I 


NWC  TI>  5892 

This  same  procedure  can  be  applied  to  the  other  initiation  techniques  shown  in 
Figure  1 as  well.  The  only  changes  made  will  be  in  the  correction  factors  already 
developed  and  discussed,  e.g.,  L.quations  7 and  8.  Hence,  only  the  integral  portion  of 
Fquation  14  needs  to  be  redone  for  tl  cases  considered  here.  For  the  center 
initiation.  Figure  lb  and  Fquation  7,  the  integral  becomes 

1(1  0.28800e  4-,,0,J'Ml  0.2880(>e  4<,0J(Y -y),] -jy  = y 0.2503  + (0 

+ 0.1782  + 0.3319Y)c  4 ,,0,Y  + (0.02077  + 0.00688Y)c  u-0f,v  ny, 


Once  again  the  last  term  is  significant  only  for  Y <<  1;  therefore,  we  can  ignore  it 
and  substitute  Fquation  20  for  the  integral  in  Fquation  14. 


o i 1 

— ~ = i(i 
CY- 


m 


7T 


)J(|+).5Wm)[LW 


- 0.2503 


+ (0.1782  + 0.33 l'.'t. /d)e  4(,0U/dl  (21) 

Using  this  same  procedure  tor  the  dual  end  initiation,  the  integral  in  Fquation  20 
becomes 


/: 


1(1  e 2.3(.17v)([  y- 


= Y-  1.27027  + 4Yc~--  u'1 7V  + (Y  + 1 .27027)e' 4 7 - ,4 v 
With  this  now  inserted  back  into  the  original  equation 


1 =1  /l>--_dJW  </M  \[ 

q.2  2p"'7r'  4 Ml +0.5  C/M/L1 


L/d  1 .27027  + 4 j e ’•,<'|7,/d 


+ (L/d  + 1.27027 


h.  4.7:.taL/u1 

J 


(22) 


KF8ULTS 

There  now  exist  three  sets  of  equations  which  will  predict  the  initial  fragment 
kinetic  energy  output  from  a solid  cylindrical,  metal  encased,  explosive  charge  of  finite 
length  and  having  no  end  confinement.  A set  of  parameterized  variables  were  selected 
and  each  set  of  equations  applied.  The  results  are  shown  in  Figures  4 through  21. 
Figures  4 through  9 are  for  a single  end  initiated  charge  as  shown  in  Figure  la. 
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liquations  14,  18,  and  19  were  used  to  generate  those  figures.  Similarly,  Figures  10 
through  15  are  for  a center  initiated  cylinder  and  utilized  Liquations  18,  19,  and  21. 
Figures  16  through  21  are  the  maximum  energy  plots  for  the  parameters  considered 
for  each  initiation  method.  The  parameters  used  to  generate  these  figures  were:  weights 
ranging  from  10  to  30  pounds  in  5-pound  increments,  outside  diameter  ranging  from  5 
to  8 inches  in  1-inch  increments,  and  pm  = 0.283  in/lb3  < i.e. . steel).  The  length  in 
terms  of  the  ratio  of  length  to  overall  outside  diameter  was  parametrically  varied  for 
each  pair  of  the  above  parameters  (see  Figures  4-8,  10-14,  and  16-20).  The  peak 
energy  values  determined  lor  each  set  of  parameters  were  then  plotted  in  Figures  9, 
15.  and  21.  As  summarized  in  the  preceding  graphs,  these  data  indicate  the  L/D  and 
(7M  values  for  maximum  F/ar  to  the  nearest  0.025.  It  can  be  seen  that  the  optimum 
(7M  increases  as  L/D  decreases  and  in  none  of  the  cases  considered  did  the  C/M  ever 
drop  to  1.4.  Also  note  that  increased  L/l)  with  correspondingly  decreased  diameter 
results  in  an  increase  in  energy  even  though  weight  and  volume  constraints  remain  the 
same.  This  is  to  be  expected  as  the  end  effects  become  less  of  a factor  on  the  total 
energy  consideration  for  the  longer  warheads.  What  is  surprising  is  the  degree  to  which 
this  effect  is  noticed.  In  some  cases  considered,  the  energy  varied  by  more  than  an 
order  of  magnitude  due  to  a change  in  diameter  of  less  than  a factor  of  two. 

In  Figures  22  through  25.  the  impact  of  fragment  density  (pm)  on  initial 
fiagment  kinetic  energy  is  considered.  Using  different  pm  values  impacts  the  output 
energy  in  a linear  fashion,  as  indicated  by  equations  10  and  14,  but  it  also  affects  the 
results  coming  out  of  liquations  18  and  19.  It  is  interesting  to  note  that  the  energy  for 
the  low  L/Ds  is  highest  at  the  lowest  densities  while  the  opposite  is  true  for  large 
L/Ds,  i.e.,  high  pm  results  in  higher  energy.  In  effect,  there  is  a L/D  region  where  case 
density  will  make  little  difference  in  energy  as  well  as  L/D  regions  where  it  will  make 
a significant  difference.  This  is  not  surprising  since  the  correction  factors  used  when 
applying  this  mode',  to  each  initiation  technique  would  be  expected  to  produce, 
qualitatively,  such  an  effect.  What  is  surprising  is  the  apparent  effect,  quantitatively,  at 
the  short  L/Ds.  It  can  be  seen  by  looking  al  Figures  9,  15,  and  21  that,  for  very 
short  L/Ds,  the  effect  is  very  significant.  This  leads  one  to  consider  that  sub-calibers, 
or  diameters  smaller  than  the  missile  outside  diameter,  may  be  a desirable  way  to 
design  warheads  simply  to  increase  L/D  ratio  and,  hence,  net  total  energy.  However, 
the  increase  in  unnecessary  weight  required  to  design  a sub-caliber  warhead  must  also 
be  considered  before  making  such  a decision. 


CONCLUSIONS 

The  considerations  and  resulting  curves  presented  here  may  prove  useful  in  the 
design  of  guided  missile  warheads  by  allowing  the  designer  to  define  the  optimum 
“initial  energy’’  packaging  envelope.  They  do  not,  however,  consider  any  of  the  other 
factors  necessary  in  the  design  ot  a warhead  such  as  fragment  size  or  weight,  ejection 
angle,  or  any  other  factors  affecting  hit  probability.  Therefore,  they  do  not  provide  all 
the  necessary  information  for  designing  a warhead.  Although  an  attempt  was  made  lo 
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consider  different  types  of  initiation  methods,  the  assumptions  and  approximations 
used  are  limited.  The  least  accurate  model  is  that  of  the  simultaneous  dual  end 
initiation  with  the  interaction  zone  in  the  center.  Although  the  model  can  be  used  to 
generate  trends,  its  accuracy  is  questionable. 

Three  general  conclusions  can  be  drawn  from  this  effort.  First,  the  greater  the 
warhead  length,  the  greater  its  initial  fragment  kinetic  energy.  Note  once  again  that 
this  says  nothing  about  the  distribution  of  that  energy.  Second,  these  mathematical 
models  all  indicate  that  the  optimum  C'/M  ratio  is  greater  than  1.4  and  that  decreased 
L/l)  results  in  higher  C'/M.  Third,  the  optimum  ease  material,  from  the  standpoint  of 
initial  fragment  kinetic  energy,  is  a function  of  warhead  weight,  length,  and  diameter, 
Also,  there  is  no  reason  to  believe  that  changes  in  optimization  design  criteria,  e.g.. 
momentum  or  mv^',  will  result  in  the  same  designs  proving  optimum.  Indeed,  the 
simple  exercise  of  momentum  optimization  will  show  this  not  to  be  the  case.  This 
report  merely  exemplifies  the  procedures  necessary  to  accomplish  such  optimization 
whatever  the  optimization  criteria. 
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8 IN.  SINGLE  END  INITIATION 
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